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摘  要 
I 
摘  要 
为了提高微细电火花加工的工件表面精度、控制加工过程的放电参数以及预
测放电加工的结果，本文从微细电火花加工的基本机理出发，针对微细电火花加
工过程中存在的研究难点进行了探索，并从介质击穿、通道扩张、能量分配以及
热作用等几个方面开展了研究。主要研究工作如下： 
首先，研究了微细电火花等离子体通道击穿机理及模型。从微细电火花加工
的放电特性出发，提出了适用于微细电火花加工且结合了气泡机理与电子机理的
击穿机理，并基于该击穿机理建立适用于微细电火花加工过程的击穿模型。 
其次，研究了微细电火花等离子体通道扩张机理及模型。通过总结前人在扩
张机理的通道受力、能量平衡以及时变半径等方面的认识不足，提出了适用于微
细电火花加工过程的等离子体通道扩张机理，并结合边界层理论、磁流体力学以
及等离子体物理学相关公式，建立了新的扩张模型。 
再次，研究了微细电火花热作用机理及模型。基于前人的模型，提出了将时
变热源半径运用到热源加载过程的新机理，并运用有限元分析法以及 CFD 软件
FLUENT对热作用过程进行了模型建立，优化了微细电火花加工的热作用过程。 
最后，通过加工实验对模型进行验证。本文进行了大量微细电火花单脉冲放
电加工实验，并将实验结果与模型计算结果进行对比，验证了模型可以运用于微
细电火花单脉冲加工。并从单脉冲推广到了多脉冲连续加工，解释了多脉冲连续
加工实验中的众多现象。 
 
关键词：微细电火花加工；等离子体通道模型；热作用模型
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Abstract 
III 
Abstract 
In order to improve the accuracy of workpiece surface, control the discharge 
parameters and predict the discharge results in micro-EDM, this paper explores the 
research difficulties of micro-EDM from the basic mechanisms of micro-EDM, and 
research from several aspects of dielectric breakdown, channel expansion, the energy 
distribution and thermal effects. The main research work is as follows: 
First of all, the breakdown mechanism and model of plasma channel have been 
studied in micro-EDM. Based on the discharge characteristics of micro-EDM, this 
paper proposes a breakdown mechanism which is applicable to micro-EDM, and this 
mechanism combines bubble mechanism and electronic mechanism. Then the 
breakdown model is established with the breakdown mechanism. 
Second, the expansion mechanism and model of plasma channel have been 
studied in micro-EDM. Summarizing the lack of knowledge on the stress analysis, 
energy balance and time-varying radius in previous channel expansion mechanism, 
this paper proposes a plasma channel expansion mechanism which is applicable to 
micro-EDM. Combined with the boundary layer theory, MHD and plasma physics 
formula, a new expansion model is established. 
Then, the thermal effect mechanism and model have been studied in micro-EDM. 
Based on previous model, this paper proposes a new mechanism that time-varying 
heat source radius is applied to the loading process. Using finite element analysis and 
CFD software FLUENT, the thermal effect model is established, which optimize the 
thermal effect process in micro-EDM. 
Finally, the model has been verified by experiments. In this paper, a large 
number of micro-EDM single pulse experiments are conducted. Compared the 
experimental results and the model results, it is verified that the model can be applied 
to single pulse micro-EDM. Extending to the multi-pulse continuous processing, 
many phenomena of the multi-pulse continuous experiments are explained. 
Keywords: Micro-EDM; Plasma channel model; Thermal effect model
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦
门
大
学
博
硕
士
论
文
摘
要
库
目  录 
V 
目  录 
第一章  绪论 ............................................................................................ 1 
1.1 引言 ...................................................................................................................... 1 
1.2 微细电火花加工技术的发展过程 ...................................................................... 2 
1.3 微细电火花加工机理的研究现状 ...................................................................... 3 
1.3.1 等离子体通道.................................................................................................. 3 
1.3.2 放电能量分配.................................................................................................. 6 
1.3.3 热源模型.......................................................................................................... 7 
1.3.4 加工机理研究的难点...................................................................................... 8 
1.4 课题来源和研究目的 .......................................................................................... 9 
1.5 课题的主要研究内容 ........................................................................................ 10 
第二章  微细电火花放电通道的击穿、扩张及热作用机理 .............. 11 
2.1 微细电火花放电通道的击穿机理 .................................................................... 11 
2.2 微细电火花放电通道的扩张机理 .................................................................... 13 
2.2.1 磁场箍缩力.................................................................................................... 14 
2.2.2 能量分配与平衡............................................................................................ 15 
2.2.3 等离子体通道的时变半径............................................................................ 16 
2.3 微细电火花放电通道的热作用机理 ................................................................ 17 
2.4 微细电火花加工机理的特点 ............................................................................ 19 
2.5 本章小结 ............................................................................................................ 19 
第三章  等离子体通道击穿及扩张模型的研究 .................................. 21 
3.1 等离子体通道击穿模型的建立 ........................................................................ 21 
3.1.1 预击穿电流发射............................................................................................ 21 
3.1.2 气泡的成核.................................................................................................... 22 
3.1.3 成核气泡的增长............................................................................................ 23 
3.2 等离子体通道扩张模型的建立 ........................................................................ 24 
3.2.1 磁流体动力学方程........................................................................................ 26 
3.2.2 能量平衡方程................................................................................................ 29 
3.2.3 电导率方程.................................................................................................... 30 
3.3 模型评估 ............................................................................................................ 32 
厦
门
大
学
博
硕
士
论
文
摘
要
库
微细电火花放电通道及其热作用机理的研究 
VI 
3.3.1 计算流程........................................................................................................ 32 
3.3.2 计算实例........................................................................................................ 33 
3.3.3 放电参数对模型的影响................................................................................ 35 
3.4 本章小结 ............................................................................................................ 37 
第四章  微细电火花热作用模型的研究 .............................................. 39 
4.1 高斯热源分析 .................................................................................................... 39 
4.2 时变热源半径 .................................................................................................... 41 
4.3 热传导模型的简化 ............................................................................................ 42 
4.4 热传导的数学模型 ............................................................................................ 42 
4.4.1 热传导方程.................................................................................................... 42 
4.4.2 初始条件和边界条件.................................................................................... 43 
4.4.3 相变处理........................................................................................................ 44 
4.5 基于 FLUENT软件的热作用仿真 .................................................................. 45 
4.5.1 材料物性参数................................................................................................ 45 
4.5.2 网格划分........................................................................................................ 46 
4.5.3  FLUENT软件的求解设置 ........................................................................... 46 
4.5.4 加载与求解.................................................................................................... 47 
4.6 仿真实例 ............................................................................................................ 47 
4.7 本章小结 ............................................................................................................ 48 
第五章  微细电火花脉冲加工实验的研究 .......................................... 49 
5.1  RC单脉冲放电实验 ......................................................................................... 49 
5.1.1 实验装置........................................................................................................ 49 
5.1.2 实验条件........................................................................................................ 50 
5.1.3 放电参数对单脉冲加工的影响.................................................................... 50 
5.2 模型验证 ............................................................................................................ 53 
5.2.1 单脉冲放电加工............................................................................................ 53 
5.2.2 实验结果........................................................................................................ 54 
5.2.3 模型仿真结果................................................................................................ 56 
5.2.4 仿真结果与实验结果对比分析.................................................................... 57 
5.3  RC多脉冲连续加工实验研究 ......................................................................... 58 
5.4 本章小结 ............................................................................................................ 62 
第六章  总结与展望 .............................................................................. 63 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目  录 
VII 
6.1 总结 .................................................................................................................... 63 
6.2 展望 .................................................................................................................... 64 
参考文献 .................................................................................................. 65 
攻读硕士学位期间取得的科研成果 ...................................................... 69 
致  谢 ....................................................................................................... 71 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦
门
大
学
博
硕
士
论
文
摘
要
库
Content 
IX 
Content 
1 Introduction ............................................................................................................... 1 
1.1 Introduction .......................................................................................................... 1 
1.2 The development of micro-EDM ........................................................................ 2 
1.3 The research status of micro-EDM mechanism ................................................ 3 
1.3.1 Plasma channel.................................................................................................. 3 
1.3.2 Distribution of discharge energy ....................................................................... 6 
1.3.3 Heat source model............................................................................................. 7 
1.3.4 The difficulties of machining mechanism research .......................................... 8 
1.4 Subject sources and research purposes.............................................................. 9 
1.5 The main research contents .............................................................................. 10 
2 The breakdown, expansion and thermal effect mechanism of micro-EDM 
discharge channel ....................................................................................................... 11 
2.1 The breakdown mechanism of micro-EDM discharge channel .................... 11 
2.2 The expansion mechanism of micro-EDM discharge channel ....................... 13 
2.2.1 Magnetic pinch force ...................................................................................... 14 
2.2.2 Energy distribution and balance...................................................................... 15 
2.2.3 Time-varying radius of plasma channel .......................................................... 16 
2.3 The thermal effect mechanism of micro-EDM discharge channel ................ 17 
2.4 The characteristics of micro-EDM mechanism ............................................... 19 
2.5 Summary ............................................................................................................. 19 
3 Study on breakdown and expansion model of plasma channel .......................... 21 
3.1 The establishment of plasma channel breakdown model ............................... 21 
3.1.1 Emission of prebreakdown current ................................................................. 21 
3.1.2 The nucleation of bubbles ............................................................................... 22 
3.1.3 The growth of nucleation bubbles ................................................................... 23 
3.2 The establishment of plasma channel expansion model ................................. 24 
3.2.1 The MHD equations ........................................................................................ 26 
3.2.2 The energy balance equations ......................................................................... 29 
3.2.3 The conductivity equations ............................................................................. 30 
3.3 Model evaluation ................................................................................................ 32 
3.3.1 Calculation process ......................................................................................... 32 
3.3.2 Calculation example ........................................................................................ 33 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Study on the Mechanism of Discharge Channel and Thermal Effect in Micro-EDM 
X 
3.3.3 The influence of discharge parameters on the model ..................................... 35 
3.4 Summary ............................................................................................................. 37 
4 Study on micro-EDM thermal effect model ......................................................... 39 
4.1 Gaussian heat source ......................................................................................... 39 
4.2 Time-varying heating source radius................................................................. 41 
4.3 Simplification of heat conduction model.......................................................... 42 
4.4 The mathematical model of heat conduction................................................... 42 
4.4.1 Heat conduction equations .............................................................................. 42 
4.4.2 The initial conditions and boundary conditions .............................................. 43 
4.4.3 Transformation treatment................................................................................ 44 
4.5 The thermal simulation based on FLUENT .................................................... 45 
4.5.1 Material physical parameters .......................................................................... 45 
4.5.2 Meshing........................................................................................................... 46 
4.5.3 The setting of FLUENT .................................................................................. 46 
4.5.4 Loads and Solving........................................................................................... 47 
4.6 Simulation examples .......................................................................................... 47 
4.7 Summary ............................................................................................................. 48 
5 Micro-EDM pulse dicharge experiment research ................................................ 49 
5.1 RC single pulse discharge experiment ............................................................. 49 
5.1.1 Experimental device ........................................................................................ 49 
5.1.2 Experimental conditions ................................................................................. 50 
5.1.3 The influence of discharge parameters on single pulse machining ................ 50 
5.2 Model verification .............................................................................................. 53 
5.2.1 Single pulse discharge machining ................................................................... 53 
5.2.2 The experimental results ................................................................................. 54 
5.2.3 The model simulation results .......................................................................... 56 
5.2.4 Comparative analysis of simulation and experimental results ........................ 57 
5.3 RC continuous pulse discharge experiment .................................................... 58 
5.4 Summary ............................................................................................................. 62 
6 Conclusion and Outlook ......................................................................................... 63 
6.1 Conclusion .......................................................................................................... 63 
6.2 Outlook................................................................................................................ 64 
References ................................................................................................................... 65 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
